The recently established species Mycoplasma pirum was examined for possible genetic and antigenic relatedness to the morphologically similar species Mycoplasma genitalium and Mycoplasma pneumoniae. The results of electrophoretic analysis of cell proteins, deoxyribonucleic acid (DNA) cleavage by restriction endonucleases, Southern blot analysis of digested mycoplasmal DNA with ribosomal ribonucleic acid genes and with total genomic DNA as probes, and Western immunoblot analysis rule out any significant degree of genetic relatedness between M . pirum and the other two mycoplasmas, in contrast to the marked antigenic relatedness of M . genitalium to M . pneumoniae. The value of the above molecular tools in resolving taxonomic problems at the species level is demonstrated.
Mycoplasma pirum is a newly described mollicute isolated from cell cultures (3). Unlike all other mollicutes found as contaminants of cell cultures, the natural habitat of M . pirum is as yet unknown. Morphologically, M . pirum belongs to the group of flask-shaped mycoplasmas (7) , possessing a terminal structure or organelle (3). In this respect, it resembles the human mycoplasmas Mycopfasma pneumoniae and Mycoplasma genitalium. Slight one-way cross-reactions were observed in growth inhibition tests between M . pirum strains and an antiserum to M . genitalium (3). In fact, several mycoplasmas isolated from cell cultures were at first considered to be M . genitalium, based on their cross-reactions with an antiserum to M . genitalium (9) . These strains were identified subsequently as M . pirum, since they exhibited much higher reactivity to a M . pirum antiserum and possessed the ability to break down both glucose and arginine, a property not shared by M . genitalium (9) . Serological cross-reactions have also been noticed between M . pirum and Mycoplasma alvi, a flask-shaped mycoplasma isolated from cattle (2, 3). However, deoxyribonucleic acid (DNA) hybridization tests did not show any genetic relatedness between M . pirum and M . alvi (2). The availability of sensitive molecular tools for determining the genetic and antigenic relatedness among mycoplasmas (11) prompted us to apply these tools to look for possible relatedness of M . pirum to M . genitalium and M . pneumoniae.
MATERIALS AND METHODS
M . pirum 70-159, M . genitalium M30 and G37, M . alvi Ilsley, and M . pneumoniae PI-1428 were obtained from the collection of J. G. Tully (National Institutes of Health, Frederick, Md.), and M . pneumoniae FH came from both the National Institutes of Health and Jerusalem departmental collections. The mycoplasmas were grown in SP-4 medium (14) or in a modified formulation of SP-4 medium (15) containing 20% (vol/vol) inactivated horse serum in place of fetal bovine serum, and the CMRL component was omitted. M . pirum grew well aerobically in SP-4 medium or in modified SP-4 medium. Unlike M . pneumoniae and M .
* Corresponding author genitalium, it did not attach during growth to plastic or glass surfaces. The total volume of culture medium used for each organism was 1 liter, divided into 100-ml aliquots distributed in 500-ml tissue culture flasks. The organisms were harvested after 3 days of incubation at 37°C by centrifugation at 12,000 X g for 30 min at 4°C. The pellets were washed twice in cold 0.25 M NaCl containing 10 mM ethylenediaminetetraacetate and were kept at -20°C.
Cell DNA was extracted and purified by the method of Marmur (10) . DNA cleavage and Southern blot analysis with total mycoplasmal DNA or with ribosomal ribonucleic acid (rRNA) gene probe pMC5 were carried out as described previously (15) . For cell protein analysis, the washed cell pellets were frozen and thawed twice and then suspended in tris(hydroxymethy1)aminomethane hydrochloride (pH 7.4)-10 mM ethylenediaminetetraacetate-1 mM phenylmethylsulfonyl fluoride. The resulting suspension was subjected to electrophoresis on 10% polyacrylamide gels, as described by Laemmli (8). Transfer of proteins from the gel to nitrocellulose sheets was done by the method of Towbin et al. (13) , using the Trans-blot Cell apparatus (Bio-Rad Laboratories, Richmond, Calif.). Unoccupied sites on the sheet were blocked with 20% (vol/vol) fetal calf serum in 10 mM tris(hydroxymethy1)aminomethane hydrochloride (pH 8.0)-150 mM NaCl (TBS). The blots were incubated either with rabbit antibody to M . genitalium diluted 1:1,500 in 20% fetal calf serum in TBS, with rabbit antibody to M . pneumoniae at several dilutions, or with rabbit antibody to M . pirum diluted 1:1,000 in the same buffer. Incubation was for 1 h at room temperature with gentle shaking; this was followed by 10-min washes, first with TBS, then with TBS containing 0.1% Nonidet P-40 (Sigma Chemical Co., St. Louis, Mo.), and finally with TBS. The blots were then incubated for 0.5 h at room temperature with alkaline phosphatase-conjugated goat anti-rabbit immunoglobulin G (Fc) (Promega Biotec, Madison, Wis.) diluted 1:7,500 in 20% fetal calf serum in TBS. Bound antibody was detected by staining with a solution containing 5-bromo-4-chloro-3-indolyl-phosphate and Nitro Blue Tetrazolium (Promega). Metabolism inhibition, growth inhibition, and immunofluorescence tests with antisera to the three mycoplasmas, as well as with an antiserum to another flask-shaped mycoplasma, M . alvi, were carried out by using standard techniques (12) .
RESULTS AND DISCUSSION
The electrophoretic patterns of the cell proteins of the three mycoplasmas differed significantly from each other (Fig. lA) , as did the restriction patterns of the DNAs of these mycoplasmas, digested by EcoRI or HindIII (Fig. 1B) . As Fig. 2 shows, hybridization of digested M . pirum DNA with rRNA gene probe pMC5 yielded patterns different from those of M. genitdium and M . pneumoniae, indicating a difference in restriction sites within or flanking the rRNA operons. Yet, the small number and size of the M . pirum DNA bands reacting with pMC5 (Fig. 2) suggested that this rnycoplasma carries one rRNA operon only, like the other two mycoplasmas (15) .
Hybridization of M . genitalium and M . pneumoniae digested DNAs with nick-translated total genomic M . pirum DNA did not reveal any significant number of bands in addition to those lighted by the rRNA gene probe (Fig. 3) . 'This result argues against the occurrence in the M . pirum Ichromosome of nucleotide sequences shared by the other two mycoplasmas, apart from the highly conserved rRNA gene sequences (11) . This is in sharp contrast to the findings .with the pair M . genitalium-M. pneumoniae; Southern blots .with total genomic DNA of either organism as a probe revealed a significant degree of nucleotide sequence homology between these two species (15) . no significant sharing of antigens between M . pirum and M . pneurnoniae, as evidenced by the extremely weak reaction of M . pirum antigens with M . pneumoniae antiserum ( 
The
Of Western immunoblots (Fig. 4,   FIG. 3 . Hybridization patterns of M. pneumoniae (lanes 1 and 2) and M . genitafium (lanes 3 and 4) DNAs digested by EcoRI (A) or by HindIII (B). Hybridization was done either with pMC5 as the probe (lanes 1 and 3) or with labeled total M. pirum DNA as the probe (lanes 2 and 4) . No bands in addition to those revealed by rRNA gene probe pMC5 were observed in the lanes hybridized with total M . pirum DNA as a probe. 4A) and vice versa (Fig. 4B) . The M . pirum antiserum reacted very weakly, if at all, with M . genitalium antigens (Fig. 4B ) and vice versa (Fig. 4C) . In comparison, the marked cross-reactivity of the pair M . genitalium-M. pneumoniae is most noticeable (Fig. 4A and C) , in accord with previous reports (1, 4, 5) . Although results of classical serological tests did not confirm the relationships observed with the immunoblots, some unexplained cross-reactivity among the four rnycoplasmas was apparent. Our metabolism inhibition tests (Table 1) revealed the expected partial serological cross-reactivity between M . genitaliurn and M . pneumoniae, but no immunological relationship between M . pirum 70-159 and M . genitalium or M . pneumoniae. Other investigators (9) have recently reported more extensive cross-reactions as determined by this test procedure between several M . pirum strains and M . genitalium. However, the results of both our growth inhibition tests and our immunofluorescence tests ( '' The numerator is the growth inhibition zone (in millimeters) around an antiserum-soaked disk; the denominator is the reciprocal of the immunofluorescent extinction titer determined on agar colonies by using a two-fold dilution of a specific conjugate antiserum. N , No discernible growth inhibition.
rum conjugate combinations and the other three mycoplasmas employed in this study (Table 2 ).
In conclusion, although the reasons for the serological cross-reaction between M . pirum and M . genituliirm or M . alvi observed by us and by other workers (2, 3, 9) remain unclear, the results of our genomic and immunoblot analyses indicate the lack of any significant degree of genetic relatedness between M . pirum and the two human mycoplasmas M . genitalium and M . pneumonine. Furthermore, considerable differences in DNA guanine-plus-cytosine content among the flask-shaped mycoplasmas, ranging from about 24 mol% for Mycoplasma siialvi and Mycoplasma mobile to 40 mol% for M . pneumoniae (6, 7 ) , indicate that genotypically the flask-shaped mycoplasmas possessing terminal tip structures do not constitute a cluster of closely related species, despite their similar morphological and biological features. Apart from solving the specific problem concerning the relationship of M . pirum to other flask-shaped mycoplasmas, our results indicate the effectiveness of the new molecular tools in resolving taxonomic problems at the species level.
